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1.0 Introduction and Background:

The Earth Cbserving System (ECS) is an 18 year internationa
multi-satellite programin global renote sensing of the Earth. As
such, ECS will be the fundanental source of satellite data on the
Earth and its environment into the next century. The overall goal
of the ECS mssion is to advance the scientific understandi ng of
the entire Earth systemand its changes on a gl obal scal e through
t he devel oprment of a deeper understandi ng of the conponents of
that systemand the interactions anong them In order to achieve
the ECS goal of understanding the Earth as a natural system EGCS
wi Il produce global, long tine series, renote sensing data of the
Earth fromnultiple instruments. As an exanple, climtic and
environnental studies of the long termeffects of human activities
on the Earth systemrequire renbte sensing data that accurately
reflect the long termgl obal trends under study. The research
resul ting fromunderstanding and correctly interpreting these |ong
termdata requires the ability to discrimnate between on-orbit
changes in the satellite instruments and changes in the physical
processes of the Earth being nonitored. The ability to nmake this
di scrimnation on a pre-launch and post-|aunch basis crucially
depends (1) on the calibration of the instruments with respect to
a set of recogni zed physical standard sources or processes and (2)
on the careful characterization of the instrunments' perfornmance at
t he subsystem and systemlevel. The nulti-instrument nature of
ECS underscores the need for relating the instrunents'

nmeasurenments through a conmon set of physical standards or



processes. This effectively elimnates the biases between
instrument data sets and enables the data from several instrunents
to be confidently used in Earth renote sensing research.

Thi s docunent describes the ECS Calibration Plan. It
identifies the specific ECS project calibration requirenents and

goal s and outlines an approach toward neeting them

2.0 Calibration Requirenments in ECS:

Requi rements for instrunent calibration and level 1B (i.e.
cal i brated and geol ocated) data validation, also known as
vicarious calibration, are established for the ECS m ssion to
achi eve individual mssion objectives for the various instrunents
and for the interdisciplinary investigations. To achieve these
m ssi on obj ectives, the acquisition of data suitable for
guantitative analysis that are traceable (i.e. conparable) over at
| east a decade is required. It is inperative that the prine
i nstrument observations nust be related to established standards
and standard processes.

| nstrunent calibration and characterization requirenents for
the ECS m ssion have been defined in the ECS 1A Requirenents
Docurent [1]. The requirenments are |isted bel ow

1. Calibration shall be in terns of physical standards and
standard processes.

2. Cross-calibration and conpari son of sensors shall be
performed both before | aunch and on-orbit.

3. The principal investigator (Pl) or team|eader (TL) shal
be responsible for calibration. The Pl or TL shal
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desi gnate one nmenber of the investigation or instrunent t eam
(i.e. the Instrunent Calibration Representative) as

responsi ble for detailed interface with the ECS

Calibration Scientist on calibration and | evel 1B data
validation matters.

4. Instrunent calibration reviews shall be performed by peer
calibration expert panels conprised of scientists and
engi neers.

5. Calibration and test fixture design, calibration
procedures, and calibration data and anal ysis
docunent ati on shall be deliverable itens.

6. Pre-launch calibration and characterization tests, wth
procedures, shall realistically represent the manner in whi ch
the instrunment is to operate on-orbit.

7. Mathematical (analytical) nodels of the behavior of
various critical conmponents of the instrunment design shal
be deliverable itens.

8. Level 1B data validation, also known as vicarious
calibration, shall occur throughout the lifetine of a
neasur enent series.

9. More than one calibration and vicarious calibration
approach shall be used to verify derived data products.

These approaches will include ground sites, additional
research measurenents, neasurenents from other
spacecraft, and neasurenents from space shuttle m ssions.

10. Wiere applicable, preflight calibration and postflight



vicarious calibration nust be conpared using the sane

standard cal i brati on scal es.

3.0 ECs Calibration Organi zati on:

As shown in the organi zational chart of figure 1, the ECS
Project Science Ofice has established the position of ECS
Calibration Scientist in the ECS Project Science Ofice as the
single point of contact for ECS calibration issues. The ECS
Cal i bration Scientist perforns the follow ng functions:

-provi des direct support on calibration issues to the ECS
Senior Project Scientist and to the ECS Pl atform
Scientists;

-reports directly to the ECS Senior Project Scientist;

-interacts directly with the EGCS calibration community (ie.
t he individual ECS Instrunment Calibration Scientists and ECS
Vicarious Calibration Scientists) on ECS calibration i ssues;

-coordi nates periodic nmeetings of the ECS Calibration Panel;

-coordi nates ECS instrunment calibration peer reviews;

-constitutes the primary ECS interface with the National

Institute of Standards and Technol ogy (N ST) and acts as t he
techni cal nonitor for N ST calibration support in the ECS
pr oj ect;

-constitutes the technical ECS interface with the United

St at es Ceol ogi cal Survey (USGS) and Northern Arizona

University (NAU) on the lunar radionmetric neasurenent pr ogram
ECS instrunments and instruments used in the vicarious

calibration of the ECS instrunents are required to identify a



single point of contact for calibration. This personis

desi gnated the ECS Instrunment Calibration Scientist or the ECS
Vicarious Calibration Scientist. This person acts as the specific
poi nt of contact for the ECS Calibration Scientist and ultimtely
the ECS Project Science Ofice on calibration and |evel 1B data

val idation natters.

4.0 ECs Calibration I nplenentation:

In order to neet the ECS mission calibration requirenents,
ECS Calibration at the project level is a programinvolving the
participation in a nunber of efforts by the ECS Calibration
Scientist and calibration representatives fromECS i nstrunents and
vicarious calibration instruments. The ECS Calibration efforts
i ncl ude the follow ng:

-the formul ation of Instrunment Calibration Plans by the ECS
| nstrunent | nvestigation Teans;

-the review of the Instrunment Calibration Plans by a panel
conposed of calibration peers (i.e. Calibration Peer
Revi ews) ;

-the participation of the ECS calibration community in
neetings of the ECS Calibration Panel;

-the hands-on participation of ECS instrunment calibration
and vicarious calibration representatives in a nunber of
cross-cal i brati on neasurenent canpai gns and artifact round-
robi n measur enent prograns;

-the participation of vicarious calibration representatives
in ECS-wide joint field canpaigns;
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-the participation of the ECS calibration community in

cal i bration workshops.

4.1 ECS Instrunent Calibration and Characterization:

The production of the level 1 data product from ECS
instruments requires inplenmentation of a calibration phase in
whi ch the digital count output of the instrument is converted
using calibration coefficients into physically neani ngful
guantities sensed at the instrument input aperture (e.g.
radi ance). Instrument calibration is perforned pre-flight and
post -l aunch. Pre-flight, radiometric calibration typically uses
the instrunment under calibration view ng a | aboratory source whose
out put has been characterized relative to a radiance or irradi ance
scal e mai ntained by a national standards |aboratory. Pre-flight
calibration is also perforned on the instrunent on-board
radi onetric calibration devices using the sane standard scal es.
Pre-flight calibrations should be performed under environnent al
conditions which closely sinulate on-orbit conditions. Post-
| aunch radionmetric calibration is performed using the on-board
calibration devices and using vicarious targets whose radi ant
out put is simltaneously or near-sinultaneously measured by ground
and aircraft based instrunments. Vicarious targets may include
regions of the Earth or the Moon.

Cal i bration througout the ECS project is in Systene
Internationale (SI) units as recogni zed by the internationa

scientific conmmunity. The use of SI units in ECS calibration



permts the interchangebl e use of ECS data sets in any physi cal
nodel and facilitates the conparison of ECS results with results
fromother satellite-based or ground-based neasurenent prograns.
In addition, the reporting of data in Sl units provides a natura
and consi stent nechanismto account for differences in
responsivity anmong ECS i nstrunments and changes in responsivity as
instruments age in the space environnent.

ECS I nstrument characterization with respect to calibration
i nvol ves measuring pre-launch and possibly post-Iaunch the
response of the instrunent subsystens and systens to controll ed,
wel | -characterized stimuli. As in calibration, instrunent
characterization should be perforned under environnent al
conditions which simulate on-orbit conditions as closely as
possi bl e. Instrument characterization enables the determ nation
of the quantitiative effect of the perfornmance of the subsystens
on the overall instrunent systemlevel performance. Exanples of
subsystem | evel ECS instrunent characterization includes the
determ nation of optical filter relative spectral responses with
wavel ength and the light scattering properties of optical
el ements, such as mrrors, |enses, and dichroics. Exanples of
system | evel instrument characterization includes the
determ nation of the instrunent field of view and nodul ati on
transfer function (MIF). Characterization nust al so be extended
to the instrunmentation and sources used to calibrate the ECS
i nstrunents.

ECS Instrunent calibrati on and characterization is nonitored



by the calibration armof the ECS Project Science Ofice in three
ways. The first is through the Instrunment Calibration Plans and
Level 1B Al gorithm Theoretical Basis Docunents (ATBDs) submtted
by the Instrunent |Investigation Teans to the ECS Project. The
second is through the Calibration Peer Reviews, in which the
I nstrunent Calibration Plans are exam ned, and through the Level
1B ATBD reviews. The third nonitoring process is through periodic
neetings of the Calibration Panel. Instrument Calibration Plans
and Cal i bration ATBDs, Calibration Peer Reviews, and the
Cal i bration Panel are discussed in Sections 4.1.1, 4.1.2, and
4.1.3, respectively.
4.1.1 Instrunent Calibration Plans and Calibration Al gorithm
Theoretical Basis Docunents:

Calibration Plans are initially required fromEGCS | nstrunent
| nvestigation Teans at the time of instrument proposal. These
plans are periodically refined during instrunent devel opnent,
specifically at the times of the instrument prelimnary and
critical design stages. |In the EGCS Background | nformati on Package
(BI'P) Announcenent of Cpportunity No. OSSA-1-88 Part One:
Qui deline for Proposal Preparation [2], a Calibration Plan is
required as part of the ECS instrument proposal; and a Calibration
Managenent Plan is required during the instrunent definition
phase. For many ECS instrunents, the instrunent calibration plan
and cal i bration nanangenent plan are conbined into a single
docunent, referred to as the Instrunent Calibration Plan. The

I nstrunent Calibration Plan should be updated at the time of the



| nstrunent Engi neering Prelimnary Design Review (PDR) and again
at the time of the Instrunment Engineering Critical Design Review
(CDR). The version of the instrunent calibration plan at the tine
of the CDR should be a final, mature version of the plan. The

I nstrunent Calibration Plans generated at the tine of the PDR and
CDR are the subjects of the Calibration Peer Reviews. These
reviews are discussed in Section 4.1.2.

At the aforenentioned designated times during the devel opnent
of the ECS instruments, each ECS Instrument Investigation Teamis
required to generate an up-to-date Instrunent Calibration Plan.

It is the responsibility of the Instrument Team Leader to deliver
the plan to the ECS Calibration Scientist in the ECS Project
Science Ofice. The plan describes the approaches that the

| nstrunent Investigation Teamw || use to produce their
calibrated, level 1B data. These approaches include a description
of the test programused to calibrate and characterize the
instrument before |launch and to nonitor the calibration and
characterization of the instrument after launch. The |nstrunent
Cal i bration Plan provides an error budget reflecting how the
required calibration accuracy and precision specifications are
net. The Instrunent Calibration Plan describes how calibration
traceability in Systenme Internationale (SI) units to instrunents’
respective national standards |aboratories (e.g. the National
Institute for Standards and Technol ogy (N ST-USA), the Nati onal
Research Laboratory of Metrology (NRLM Japan), National Research
Council-Institute for National Measurenent Standards (NRC | NV5-



Canada), National Physical Laboratory (NPL-UK),) will be
establ i shed and mai ntained. 1In addition, the |Instrumnent
Cal i bration Plan includes a description of the algorithns which
are used to produce the | evel 1B data product. The plan includes
a description of the techniques which will be used to include
ancillary data such as ground truth, vicarious nmeasurenents. The
plan will also outline the strategy for maki ng conparisons wth
data sets obtai ned from other space-based instrunents.

In instances where the instrunent is being built by private
i ndustry under a contract, the instrunment buil der nmay provide the
| nstrunment Calibration Plan. However, it remains the
responsibility of the Instrument Team Leader (1) to see that the
i nstrument buil der produces this plan and (2) to ensure that the
plan is delivered to the ECS Calibration Scientist in the Project
Sci ence Ofice.

In January 1993 the ECS Project Science Ofice requested that
i nstrument teans produce a docunment describing in detail the
algorithnms used in the production of their data products. The
docunent describing the algorithns used in the transformation of
an instrunment's raw, level O data to calibrated, |evel 1B data is
the Level 1B Algorithm Theoretical Basis Docunent (ATBD) for that
instrument. Instrunent Calibration ATBDs are reviewed by a pane
assenbl ed by the ECS Project Scientist through the auspices of the
ECS Project Science Ofice. The ECS Calibration Scientist

provi des support to the ECS Project Scientist in these reviews.
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4.1.2 Calibration Peer Reviews:

A two step procedure has been adopted for peer review of ECS
Instrunent Calibration Plans. In the first step, the Instrunent
Calibration Plans are distributed to a peer panel of calibration
scientists and engineers for an initial letter review Mnbers of
t he peer review panel may include other instrunment calibration
representatives, nmenbers of the Calibration Panel (see section
4.1.3), nmenbers of the science teamof the instrunment under
review, and representatives fromnational standards |aboratories.
Conpleted letter reviews are received by the ECS Calibration
Scientist and distributed to the Instrument Calibration
Representatives. |n the second step, a one day panel peer review
of the Instrunment Calibration Plan and the letter reviews is held
preferably at GSFC or possibly at the instrunent calibration
facility. In this panel review, the ECS I nstrument |nvestigation
Team presents an overvi ew of the pre-launch and post-|aunch
calibration and characterization of their instrument to the peer
revi ew panel while addressing the specific issues raised in the
letter reviews. These panel reviews are chaired by the ECS
Cal i bration Scientist, and are hosted by the individual Instrument
Cal i bration Representatives, if the reviewis held at the
instrument teamfacility. |If the reviewis held at GSFC, the
review is hosted by the ECS Calibration Scientist. The specific
time and place for the panel review is determ ned through
negoti ati ons between the ECS Calibration Scientist and the

I nstrunment Calibration Representative.
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| deal Iy, the versions of the instrument calibration plans
generated at the tinmes of the instrument PDR and CDR are revi ewed.
As a mninumrequirenent, the final version of the instrunent
calibration plan generated at the time of the COR will be peer-
revi ewed.

Details on the format for the Calibration Peer Reviews and
t he nechani smfor the exchange of information between the panel

nmenbers and i nstrunment team nmenbers is presented in Appendix A

4.1.3 Calibration Panel:

The ECS Calibration Panel provides technical overview for
donestic and international instruments on all ECS platforns. The
t echni cal scope of the panel includes the follow ng:

-pre-flight and on-orbit instrument calibration and cross-
cal i bration,

-validation of instrunent |evel 1B data products using in-
situ and field neasurenents, and

-ensuring long termstability of the instrunent |evel 1B
dat a products.

The roles and responsibilites of the ECS Calibration Panel
with respect to the ECS Project includes the foll ow ng:

-acting in advisory and review roles to the ECS Calibration
Scientist on the formul ation of specific ECS calibration
prograns and docunentati on

-informng the ECS Calibration Scientist and the ECS Proj ect
Science O fice of ECS instrunent calibration needs,

-participating with the ECS Calibration and Vali dati on
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Scientists in the inplenmentation of a nulti-instrunent, | evel 1B
project data validation canpaigns,

-assessing the progress of the ECS Calibration Scientist in
neeting the science objectives of the ECS project with respect
to the | evel 1B data product.

The ECS Calibration Panel is scheduled by the ECS Calibration
Scientist to neet once a year. Meetings will be coordi nated and
chaired by the ECS Calibration Scientist. Menbership in the ECS
Cal i bration Panel includes the ECS Calibration Scientist,

I nstrunent Calibration Representatives, |Instrument principal

i nvestigators (PIs), instrunent builder representatives,
representatives fromnational standards |aboratories, and invited
nmenbers fromthe renote sensing calibration comunity.

4.2 ECS Instrunent Cross-Calibration:

Cross-calibration of ECS instrunents is critical to the
success the the ECS mission. Only by perform ng conprehensive and
t horough cross-calibration is it possible for the ECS programto
generate long-term continuous, consistent data sets with validity
and reliability acceptable to the scientific community for gl oba
change research

Cross-calibration in ECS is performed on nmany | evels both
pre-launch and post-Ilaunch throughout the 18 year EOCS m ssion.
Pre-1aunch and post-Ilaunch cross-calibration includes the ECS
instruments, the vicarious calibration instruments, and, in the
case of optical sensors, the instrunents used to nake ground based
[ unar radionetric neasurenments. Pre-launch cross-calibration
ensures that the instrument calibrations performed by the

instrunent builders are consistent across all instrunents.

I ncl usi on of vicarious calibration instrunments in the pre-Ilaunch
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cross-calibration ties the standard scales of the |evel 1B data
validation instrunents to a conmon ECS instrunent scale. Post-

| aunch cross-calibration is essential for many reasons. Post-

| aunch cross-calibration ensures that the |level 1B data from ECS
instruments yield consistent higher order products. Post-I|aunch
calibration reduces the amount of post-launch research, analysis,
and processi ng needed before the scientific use of the | evel 1B
products. Lastly, post-launch calibration reduces the probability
of needing to correct higher order data products derived from
poorly calibrated level 1B data. Continuation of the post-Iaunch
cross-calibration of the vicarious calibration instrunments, the
ground- based | unar radionetric instruments, and the ECS
instruments on future platforns ensures that validated | evel 1B
data fromthe orbiting platformand calibrated/validated | evel 1B

data fromfuture platforns will share a common, standard scal e.

4.2.1 Pre-launch Cross-Calibration:

The goal s of pre-launch, |aboratory-based cross-calibration
in ECS are twofold. The first goal is to validate, pre-flight,
t he i ndependent scal es assigned to the sources used in the actua
calibration of the ECS instrunents agai nst the scal es nai ntai ned
by a national standards |aboratory. The second goal is to nmake a
si nul t aneous, direct conparison of neasurenents made by the ECS
instruments, vicarious calibration instrunents, ECS secondary
standards facilities, and national standards |aboratories.
Acconpl i shing the first and second goals ensures the distribution
of a common scale in Systene Internationale (SI) units at the ECS
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instrument calibration facilities, the ECS secondary standards
facilities, and the vicarious instrument calibration facilities.
A third goal of pre-launch |aboratory-based cross-calibration is
to evaluate the neasurenent results in terns of measurenent
procedure and basi c mnetrol ogy.

As an exanple, in the case of the AM1 instrunents, pre-
| aunch cross-calibation involves calibrating all the sources used
to radionetrically calibrate the AM1 instrunments (e.g
i ntegrating spheres and bl ackbodi es). The accuracy of these AM 1
i nstrument source calibrations nmust exceed the radionetric
calibration accuracy specifications of the ECS i nstrunents.

In order to validate the radi ance scal es of the sources used
inthe calibration of the ECS AM1 instrunents and to conpare the
radi ance nmeasurenents of ECS AM1 instrunents, secondary standard
and vicarious calibration groups with neasurenents nade by N ST, a
series of transfer radi oneters has been i ndependently devel oped by
several nmetrology |aboratories. These radi oneters make
si mul t aneous radi ance neasurenents of the sources used to
calibrate the EOS AM 1 instrunents. |n order to acconplish this
task, the ECS Project Science Ofice has enlisted the expertise of
the NI ST Optical Technol ogy Division in designing, fabricating,
and fully characterizing a set of three ECS transfer radi oneters
spanning the visible to thermal infrared wavel ength region. The
design for the visible and shortwave infrared radi oneters closely
follows the NI ST design of the SeaWFS transfer radi onmeter (SXRs)

[3]. The thermal infrared radi ometer, which required a
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significant study phase before design and fabrication, has been
breadboarded and is currently being tested [4]. These radioneters
view the radi ance calibration sources at ECS i nstrument buil der
facilities and the lunar radi ance neasurenent facility and
transfer a common radi onetric scale to these sources that is
traceable to a NIST radionetric standard. Visible/near infrared
and shortwave infrared transfer radi onmeters have been desi gned,
fabricated, and tested by the University of Arizona Qpti cal

Sci ences Center Renote Sensing Goup. In addition to verifying
the radionetric scales of ECS instrument radi ance and | unar

radi onetric calibration sources, the University of Arizona

radi ometers are used to transfer the ECS standard radionetric
scale to their ground-based vicarious calibration radi oneters [5].
The National Research Laboratory of Metrol ogy (NRLM in Japan has
fabricated a set of visible/near infrared and shortwave infrared
radi ometers. The NRLMradi oneters are used in the calibration of
the integrating sphere source used to calibrate the EOS ASTER
instrument [6]. Wile the ECS/ NI ST, NRLM and University of
Arizona radioneters are discrete filter instrunents, the NASA GSFC
Code 920.1 Space Geodesy Networks and Sensor Calibration Ofice
provi des a scanni ng spectroradi ometer to the EOCS Radi onetric
Measurement Program  The NASA/ GSFC i nstrunentation nmeasures the

i rradi ance of the source under test over the wavel ength range from
0.4 to 2.5 mcrons and conpares this irradiance to that measured
from N ST irradi ance standard | anps. By folding the appropriate

aperture dianmeters and distances into the calculation, the
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radi ance of the source under test is determned [7,8]. The

NASA/ GSFC equi prent provi des val uabl e informati on on the shape of
t he radi ance versus wavel ength curve in the visible and shortwave
i nfrared regions.

The af orenentioned radi oneters and radi oneters used by the
ECS i nstrument builders to nmeasure their radi ance calibration
sources are the current participants in the ECS AM1 Radi onetric
Measur enment Conpari son program It is hoped that expansion of
this cross-calibration activity to include radioneters used in the
calibration of other Mssion to Planet Earth (MIPE) sensors,
vicarious calibration instrumentation, and international sensors
will be possible in the future. |In order to acconodate | arger
partici pation and not over-burden the ECS instrument calibration
facilities, clean, secondary standards | aboratories housing stable
radi ance standards fromthe visible through the thermal infrared
are needed. A detailed plan for the ECS Radi onetri c Measur enent
Conparison is outlined in Appendi x B.

In the ECS Project Calibration Managenent Pl an generated in
January 1990, pre-flight instrunment cross-calibration was to be
performed not only at the instrument builder facilities, but also
at the platformintegration facility [9]. The plan for cross-
calibration at the platformintegration facility was greatly
nodi fied as a result of discussions between attendees of the sixth
neeting of the Calibration Advisory Panel in San Diego, in January
1993 [10]. In that neeting, ECS instrunent calibration activities

were prioritized in the follow ng order of decreasing inportance:
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-individual instrunent calibration as planned by the
i ndi vi dual instrunment tearns;

-in-flight radionetric and geonetric cross-calibration using
suitable Earth targets; and round-robin cross-calibration
activities done in the instrument builder facilities;

-cross-calibration done at the platformintegration site.
Since the time of that neeting and for reasons of excessive cost,
difficulties in schedul e, and questionable calibration benefit,
cross-calibration at the platformintegration site was refined.
| nstrunent teans may bring sources and equi pment to the platform
integration facility for purposes of performng bench acceptance
testing and ensuring instrument calibration has not changed. The
nature of the sources, acconpanying equi pnent, and planned tests
are comuni cated to and/ or negotiated with the appropriate ECS
Project Ofice (i.e. AM PM Chem etc.) and the platform
integrator well in advance of instrunment shiprment and platform
i ntegration.

4.2.2 Post-launch Cross-Calibration:

ECS cross-calibration activities continue through the | aunch
of the instrunent platforns, to ensure measurenent traceability
and consi stency between successive instrunents on foll ow ng
platforms. For exanple, cross-calibration in the post-ECS AM 1
launch timeframe will involve continuing the ECS Radi onetric
Measur enent Conpari sons by extending the programto include ECS
PM 1 instrunment calibration facilities, PM1 vicarious calibration
facilities, and select non-ECS instrunment calibration facilities.

I n support of the ECS post-launch calibration and cross-
calibration of current and future instrunents operating in the
0.384nmto 2.5 mcron wavel ength region, the United States
Ceol ogi cal Survey (USGS) and Northern Arizona University, both
| ocated in Flagstaff, AZ are under contract through the ECS
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Project Science Ofice to nmake | ong-termradi ance neasurenents of
the Moon. The Moon is the only object accessible to al

terrestrial orbiting spacecraft that is within the dynam c range
of nmost imaging instrunments and is stable enough to provide a
calibration target. The EOCS/NI ST and University of Arizona

radi oneters will continue to be used through the duration of the

| unar radi onetric measurenent programto transfer the ECS standard
radi ometric scale to the lunar radi ance neasurenent calibration
equi pnent. Details of this |unar radi ance nmeasurenent program are

found in a nunber of publications [11, 12].

4.3 ECS Vicarious Calibration Joint Field Canpaigns:

The ECS Calibration Scientist, in cooperation with the ECS
Val i dation Scientist, assists donestic and international vicarious
calibration groups in pronoting and coordinating ECS joint field
canpaigns in the vicarious calibration (i.e. level 1B data product
val i dati on) of ECS sensors. In addition to pronoting and
coordinating these joint field canpaigns, the ECS Validation and
Calibration Scientists are continuing the effort started by the
Conmittee on Earth Cbserving Satellites Wrking Goup on
Cal i bration and Validation (CECS WaCV) [13]. This goal of this
effort is to produce a single international database of reasonably
detailed information on calibration and validation capabilities
applicable to MPTE and other ECS mssions. This information is
ultimately used by the ECS Validation and Calibration Scientists
inidentifying (1) participants for specific ECS vicarious
calibration joint field canpaigns and (2) field sites.
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The coordi nation of vicarious calibration field canpaigns
i nproves the overall quality of the vicarious calibration data and
t hereby inproves the quality of the ECS instrunents' |evel 1B data
product. This coordination results in a wi ser use of ECS m ssion
resources. In order to be effective, coordinated vicarious field
canpai gns nust begin in the pre-launch tinmefrane and nust be of
sufficient I ength and frequency to produce fromeach participant a
representative long tine series data set. Wl |l coordinated joint
field canpaigns are the definitive method in determning the
nmeasur ement uncertainties of the vicarious calibration techniques.
A know edge of these measurenent uncertainties is absolutely
necessary if vicarious calibration data is to be integrated with
other calibration data to inprove the overall |evel 1B data
pr oduct .

4.4 ECS Artifact Measurenent Round- Robins:

In addition to the ECS Radionetric Measurenent Conpari son
Program and the ECS Vicarious Calibration Joint Field Canpaigns,
the ECS Project and N ST coordi nate and oversee calibration and/or
radionetric artifact round-robins. As an exanple of these
artifact round-robins, Appendix C presents the detailed plan for
the ECS Bidirectional Reflectance Distribution Function
(BRDF)/ Bi directional Reflectance Function (BRF) D ffuse
Ref | ect ance Round-robin which is in support of ECS AM1
instruments flying on-board sol ar diffusers.

Addi tional candidate round-robin prograns nay be identified
by menbers of the ECS calibration conmunity, presented at ECS
Cal i brati on Panel neetings, and brought to the attention of the
ECS Calibration Scientist in the formof a well-conceived
nmeasur emrent conparison plan. Exanples of candi date prograns
i ncl ude round-robi n measurenent prograns in dimensional netrol ogy
(e.g. aperture area) and spectrophotonetry (e.g. filter

transmttance). |In all cases, ECS artifact round-robins wll
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serve to corroborate the nmeasurement practices, instrunmentation,
and capability of ECS -related efforts at the various |aboratories
and commercial facilities. |In general, they will not be

simul taneous with calibration and characterization of flight

har dwar e.

4.5 ECS Calibrati on Wrkshops:

Results from ECS calibration prograns such as the ECS
Radi onetri c Measurenent Conparison and the Artifact Measurenent
Round-robins in conbination with input fromEGCS instrunent
calibration and vicarious calibration representatives will be used
to assess the need for calibration workshops. Wrkshops wll
primarily be designed to be responsive to specific radionmetric
nmeasur erent probl ens experienced or anticipated by the ECS
Cal i bration Community. Wrkshops will be separated by the classic
wavel engt h di sciplines of visible/near infrared/short wave
infrared, thermal infrared, and m crowave. The wor kshop
activities may include presentations of the state-of-the-art in
instrument calibration and characterization, denonstrations of
good radionetric/calibration technique foll owed possi bly by hands-
on applications, and review of cross-calibration and artifact

round-robi n measur enent techni ques and results.
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Appendi x A: Recommended Forrmat and | nformati on Exchange Protocol
for the ECS Instrunent Calibration Peer Reviews

A two step procedure has been adopted for the peer review of
ECS Instrunment Calibration Plans. This two step procedure is a
departure fromthe original approach to peer review ng calibration
plans. In the first step of the two step procedure, the
I nstrunent Calibration Plans prepared by the Instrunent
Cal i bration Representative with the aid of the Instrunent
| nvestigation Teamare distributed by the ECS Calibration
Scientist to a peer panel of calibration scientists and engi neers
for an initial letter review. Menbers of the peer review panel
are selected by the ECS Calibration Scientist and may incl ude
calibration representatives fromother instrunments, nenbers of the
Cal i bration Panel, nenmbers of the science team of the instrunent
under review, and representatives from national standards
| aboratories. One nonth after distribution of the calibration
pl ans, conpleted letter reviews are received by the ECS
Cali bration Scientist fromthe panel menbers and are distributed
to the Instrument Calibration Representative.

In the second step, a one day panel peer review of the
I nstrunent Calibration Plan and the letter reviews is held
preferably at GSFC or possibly at the instrunent calibration
facility. The exact tine and place for this panel review w || be
negoti ated and schedul ed by the Instrunent Calibration
Representative and the ECS Calibration Scientist. 1In the panel

review, the ECS Instrunent Investigation Team presents an overvi ew
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of the pre-launch and post-launch calibration and characterization
of their instrunent while addressing the specific issues raised in
the letter reviews. The panel reviews are chaired by the ECS

Cal i bration Scientist and are hosted by the ECS Calibration
Scientist for reviews held at GSFC and by the I|nstrunent

Cal i brati on Representative for reviews held at the instrunent

calibration facility.

The following format presents several topics and a strawran

format for the ECS Cali brati on Peer Panel Revi ews:

1. Wl cone and I ntroductions:
-\Wel come by ECS Calibration Scientist acting as

the chair of the Calibration Peer Revi ew

-Sel f-introduction of panel nenbers, key program

participants fromthe instrunents, and review attendees

2. Instrunment |nvestigation (bjectives:

-Presentation of scientific goals, science
products, wavel ength regions, |level 1 product accuracy
requi rements and how t hese requirenents relate to

| evel 2 product accuracy requirenents

-Presentation of instrunment product simlarities

23



and differences fromrel ated ECS and non- ECS

i nstrunents

3. Instrunment Description:

-Description of the basic instrunent design and
operation and how that design will obtain the required

dat a products and achi eve the science goal s

-Qutline of instrunent design differences and

simlarities to related or heritage instrunments

4. COverall Calibration Approach and Error Budget:

-Presentation of the overall instrunent

calibration strategy and associ ated error budget

-Description of pre-flight instrunment

calibration

-Description of in-flight, on-board

instrunent calibration

-Description of how pre-flight calibration is
transferred to the on-board calibrators and

how that calibration is maintained through
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| aunch and on-orbit

-Description of post-launch vicarious
calibration including calibrations requiring

spacecr aft maneuvers

-Description of all pre-launch and post -
| aunch characterization tests to be
performed on the instrument, the testing
nmet hodol ogy, how these tests neet the
accuracy and precision requirenents,and the

associ ated error budgets for these tests
-Description of how the overall calibration
establ i shes and naintains a traceability to
cal i bration standards nai ntai ned by nati onal
standards | aboratories

5. Detailed Calibration Approach and Error Budget:

-Presentation of detailed error budget for pre-

flight on-board, in-flight on-board, and post- |aunch
vicarious calibration, including a descri ption of
how each budgeted value is obt ai ned and how

each error contributes to the overall error
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-Presentation of radionetric nodels and al gorithns
used in the determ nation of the calibration error

budget s

-Detail ed description of instrument tests and
nmet hods and application of calibration to these

tests and net hods

6. Tour of Instrumental Radionetric Calibration
Facilities (if peer reviewis held at instrunent

calibration facility)

7. Review Panel Internal D scussions

8. Review Panel Briefing to Instrument Team

During the calibration peer panel review, review panel
nmenbers are encouraged to raise instrunent calibration and
characterization related questions directed to the presenter and
ot her nmenbers of the instrunent team |In addition, questioning
revi ew panel nenbers nmust provide witten conmrents, questions, and
recommendations using a formidentified as an Informati on Request
Form Copies of the conpleted Informati on Request fornms will be
provided to the Instrunent Calibration Representative by the panel
chai rperson within two weeks of the review. A draft report,

i ncluding a reconmmended priority for addressing the Information
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Requests, is provided to the Instrunent Calibration Representative
by the ECS Calibration Scientist within one nonth of the review
The Calibration Peer Review panel expects a response to each

| nformati on Request through the Instrument Calibration
Representative. For those information requests requiring a
response froman instrunment buil der under contract, the

acqui sition of a response is negotiated between the ECS Project
and the Instrument Manager. A final, formal review report,

i ncl udi ng responses to each Information Request, is provided to
the instrunent teamw thin three nonths of the review The final

review report is also sent to each revi ew panel nenber.
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Appendi x B. ECS Radi onetric Measurement Conpari son Program

| . Program (bj ectives:

The nost inportant part of the ECS AM1 pre-launch cross-
calibration programis the ECS Radi onetric Measurenment Conpari son
Program The goal of this programis to circul ate groups of
radi oneters to instrument calibration facilities for purposes of
maki ng radi ance neasurenments on the exact sources used in the pre-
| aunch calibration of the ECS instrunents. This programw ||
acconpli sh several inmportant pre-launch calibration tasks. These
i ncl ude the follow ng:

-the validation of the spectral radiance of the calibration
sources as calibrated by ECS i nstrunent providers with that
determ ned by a national standards | aboratory; -t he
conpari son of measurenents fromthe radi ometers used in
vicarious calibration prograns in direct support of ECS
instruments with sinultaneous neasurenents nmade by the ECS
radi onet er s;

-t he conpari son of neasurenents fromradi oneters used in the
secondary standards calibration of ground-based and
airborne instrunents in support of ECS | evel 1B validation with
si nul t aneous neasurenents nmade by the ECS radi oneters;

-the eval uation of neasurenent results in terns of
nmeasur emrent procedure and basi c metrol ogy.

-the pre-launch identification of any inconsistencies
bet ween ECS i nstrunment, vicarious instrument, and secondary
standard cal i brati on neasurenents, techniques, and
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pr ocedur es.

-the placenent of instrunents on the sane platformon the

sane radionetric scal e;

-the placenent of the radiance calibration sources of
instruments on different platfornms on the sanme radi onetric
scal e.
1. Program | npl enent ati on:

The transfer radi oneters currently used in the ECS
Radi onetric Cross-conpari son Program have been devel oped by four
facilities. 1In order to nmeet the challenging calibration
requirements of the ECS instrunent radi ance calibration sources,
the ECS project has contracted with the Optical Technol ogy
Division at NIST to produce three filter radi ometers operating
fromroughly 0.4 to 10 mcrons. The visible and shortwave
infrared radi oneters will operate in anbient and will be of
simlar design to the transfer radi ometer designed by NI ST for the
SeaWFS project [3]. The thermal infrared radi ometer has been
desi gned and breadboarded and will operate in thermal vacuum or
anbient. These radionmeters will serve the dual role in the ECS
cross-calibration of (1) maki ng radi ance neasurenents of all ECS
radi ance cal i bration sources that can be directly conpared, and
(2) transferring a standard N ST radi ance scal e between all ECS
instrument calibration facilities. A second set of transfer
radi oneters operating in the visible and shortwave i nfrared has
been designed and built by the University of Arizona Opti cal

Sci ences Center [4]. The participation of this group of
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radi oneters in the cross-conparison program provi des an excel | ent
check of the neasurenments nade by the suite of transfer
radi ometers and extends the standard ECS radionetric scale to the
Uni versity of Arizona vicarious calibration program The third
set of radioneters has been fabricated by the National Research
Laboratory of Metrology (NRLM in Japan [5]. These radioneters
operate in the visible through shortwave infrared and are used in
the calibration of the EOS AM1 ASTER i nstrument. The
participation of the NRLM radi onmeters not only provides another
check of the radi ance nmeasurenents of the participating
radi oneters, but al so enables a conparison of the N ST radi ance
scale to that maintained by NRLMin Japan. The fourth radi oneter
i s a scanni ng nonochr onat or - based syst em operated by NASA/ Goddard
Space Flight Center. The NASA/ GSFC scanni ng spectroradi onet er
nmeasures the irradiance from N ST irradi ance standard | anps and
transfers that irradi ance scale to the radi ant source under test.
By folding in the geonetry of the neasurenent, the radiance of the
source under test is calculated [7,8]. The participation of the
NASA/ GSFC scanni ng spectroradi onetric systemin the program
provi des a different nethodol ogy and approach towards the
nmeasur emrent of radi ance and can provide inportant information on
t he shape of the radi ance versus wavel ength curve.

In addition to the four sets of radioneters menti oned above,
ot her participants are selected by the ECS Calibration Scienti st
in consultation with NIST. The calibration representative from

the instrunment builder facility hosting the programis
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automatically invited and encouraged to participate in the
nmeasur emrent conpari son. The nunber of additional participants in
a conparison canpai gn depends on the anount of tine and resources
avai |l abl e, nunber of neasurenments to be made, and any restrictions
i nposed by the hosting ECS builder's facility. Additional
participants may be the calibration representatives from (1) other
ECS instrunents, (2) selected vicarious calibration prograns, (3)
t he national standards |aboratories of non-US ECS i nstrunments, and
(4) international non-ECS instrunent calibration representatives.
Invitations will be extended by the ECS Calibration Scientist to
addi tional participants.
A. Pre-conparison Preparations:

Overall coordination of the conparison is performed by the
ECS Calibration Scientist. Before final participant selection,
the ECS Calibration Scientist contacts the NASA | nstrunent Manager
for perm ssion to contact the ECS instrunent builder's calibration
representative. The ECS Instrunment Calibration Representative
will provide information to the ECS Calibration Scientist shown in
t he questionnaire that foll ows.

Pre-conpari son Questionaire to Instrunment Builder Calibration
Represent ati ve:

1. What are your proposed dates for the canpai gn?

2. What total nunber of people are you willing to acconodate in
your facility during the canpaign?

3. Wuld you object to a pre-conparison site visit by the ECS
Cal i bration Scientist or representative?

A. Do you have a video or pictures of the sources to be
nmeasured and the area around the sources?
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B. Wuld you object to a video or pictures being taken?

4. |s/are the source/sources to be neasured located in a
cl eanr oon??

A. What cleanroomrestrictions do you envision for the
nmeasurenment participants and their equi prment?

B. Are the tools for cleaning the participants' equi pnent
avai l abl e at your facility?

5. Wiat are the dinensions of the room housing the
sour ce/ sour ces?

6. Wiat is the color and finish of the ceiling, walls, and floor?

7. WII the lights in the roombe able to be turned off during
t he nmeasur enent s?

8. Wiat electrical power will be nade available to the
partici pants?

A. Nunber of outlets
B. Voltage, currents, and frequency for each outl et

C. Type of plug for each outlet including grounding
conventi on

9. WII the tenperature and humdity record of the room housing
t he sources be nade available to the participants during the
time of the canpaign?

10. What source/sources will be neasured?

| nt egrating Sphere Sources:

A. For integrating sphere sources, what is shape of the
source aperture? What are the precise dinensions of the
aperture?

B. What is the distance fromthe floor to the aperture
center? |Is this distance adjustable? Over what range can
this distance be adjusted?

C. Wiat is the thickness of the source aperture?

D. What is the range of distances fromthe aperture that
neasurenents can be nade?

E. What are the characteristics of the integrating sphere?
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1. Nunber of lanps, |anp voltage, and power

2. Are the voltage and current/power that the sphere
| anps are operated during the canpai gn recorded?
WIl they be nmade available to participants?

3. Size of sphere (i.e. inner dianeter)
4. Cool i ng techni que
5. Wall coating or materi al
F. What light levels (in radiance units) would you recomend
neasurenments be nade? How are these light levels
realized in operating the sphere? Wat wavel ength bands
are these light |evels associated with?
G Wat is your recommended warmup tine for your sphere

assumng a cold start? |Is there a recomended

stablilization time between |ight |evel changes? Wat is
that time?

H Are there any refereed or non-refereed descriptions of
this source? What are they?
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Bl ackbody/ Thermal | nfrared Sources:

A. What is the thermal infrared source type (eg. cavity,
concentric groove, etc.)?

B. Could a dinmensioned drawi ng of your source be provi ded?

C. Wiat are the range of angles over which the source is
expected to radiate as a diffuse, Lanbertian source?

D. What is the typical operating distance fromthe source
aperture to the ECS sensor?

E. What do you anticipate to be the distance fromthe source
aperture to the entrance aperture of the NIST TIR
transfer radiometer, given that the latter is roughly 12
inches in dianmeter?

F. What tenperature range will the source be operated over
during ECS instrunent calibrations?

G Wat is the emssivity of your source? Howis this
em ssivity determ ned (eg. nodelling, etc)?

H Wat is the tenporal stability of your source?
|. What is the polarization of your source?

J. WIIl your source be operated in anbient, vacuum or both?
Do you envision the ECS TIR transfer radi oneter operating
in anbi ent, vacuum or both?

K. Coul d a dinmensioned drawi ng of your vacuum calibration
chanber be obt ai ned?

L. What are the electrical connectors in the vacuum chanber
that are available for the TIR transfer radi oneter?

M What are the details on the feedthroughs for the vacuum
and liquid nitrogen lines that could be used for the TIR
transfer radioneter? The TIR transfer radionmeter will need
one vacuumline and two nitrogen |ines, one for inlet and
one for exhaust.

N. The TIR transfer radioneter is anticipated to have a

di ameter of roughly 12 inches and an overall height of roughly
15 inches including its own translation/rotation stage. WII
this fit in your chanber? How |large of a radi oneter coul d

your vacuum chanber acconodat e?

O Wat are the design details of any nounting flanges that
could be used for nounting the TIR transfer radi oneter in
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t he vacuum chanber? This is needed so that an adaptor
nmounting flange for the TIR transfer radi onmeter can be made.

P. What is the base pressure in the vacuum chanber under the
conditions when the TIR transfer radioneter is used?

R Wat is the thermal environnent in the vacuum chanber
when the TIR transfer radi oneter is used? |nclude al

rel evant surfaces (eg. 80°K shields, 270°K and vari abl e, etc.).

11. To what address should participants send their equi pnment?
Who is the primary contact for shipping this equipnment to
your facility? Wat is that person's phone nunber, fax
nunber, and e-nail address?
Participants will provide the ECS Calibration Scientist with
the information in the follow ng questionaire.
Pre-conpari son Questionaire to the Participants

1. What instrunentation are you sending to the canpai gn? Please
send a copy of your shipping docunent, if possible.

2. What are your electrical power needs for operating your
equi pnent ?

3. Do you foresee any need for special equipnent, such as an
optical table, etc?

4. Does your equipnent require a "warmup" period? Wat is the
length of time for "warm ng-up"?

5. Wiat is your estimate of the total anount of tine it takes for
your equi pment to nmake a single radi ance neasurenent at one
source radi ance | evel ?
6. Is there a paper or witeup describing your equipnent,
radi ance measurenent mnet hods or technique, and the
accuracy/ precision or error in your radi ance neasurenents?
Pl ease provi de a copy.
B. O oss-conparison Agenda:
A recommended agenda for the O oss-conparison canpaigns is

present ed bel ow.
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Agenda for EOCS Radi onetric Cross-conpari son Canpai gns
Day 1:

-Wel coming remarks fromthe ECS Calibration Scientist and
the instrunment builder facility calibration representative.

-Self introduction of participants

-Agreenment on participant order of neasurenent

-Distribution of measurenent | og sheets to participants

- Unpacki ng and cl eani ng of equi pnent
Day 2 through Day N

-Warm ng up of instrunents and source/ sources

-Begi n radi ance neasurenents

-At end of day, convene at designated neeting roomto report
and record rapid results and to submt conpleted
nmeasurement | og sheets to N ST conpari son representative.

- Adj our n
Day N+1:

- Pack equi pnent

- Convene at designated nmeeting roomto briefly discuss
results, to decide on appropriate tineframe (approx. 1 nont h
later) to deliver final results to NI ST conparison
representative, to decide on publication matters, to decide what
neetings these results will be presented, and to subm t
conpl eted | og sheets and el ectronic copies of raw data files to
NI ST conpari son representati ve.

- Adj our n
C. Post-conparison activities:

The NI ST conparison representative will be the recipient of
the final radiance data fromeach participant. A first draft of a
paper or report on the cross-conparison canpaign will be conpl eted
by the ECS Calibration Scientist and the NI ST conpari son

representative and distributed for coorments to all the
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participants. The results of the canpaign will be nmade avail abl e
electronically and will be submtted to ECSDI S as a standard data

pr oduct .
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Appendi x C. ECS Bidirectional Reflectance Distribution Function
(BRDF)/ Bidirectional Reflectance Function (BRF) Measurenent Round-
robi n:

. Introduction:

On the ECS AM 1 pl atform schedul ed for |aunch in 1998 the
Moder at e Resol uti on | magi ng Spectroradioneter (MODI'S) and the
Mul tiangl e | magi ng Spectroradioneter (MSR) will enploy solar
illumnated diffuse reflectance targets for in-orbit radi ance
calibration. 1In order to effectively use these targets, the
bi di rectional reflectance distribution function (BRDF) or the
bi directional reflectance function (BRF) of the targets nust be
nmeasur ed prel aunch and nonitored postlaunch. Prel aunch
determ nati on of the BRDF/ BRF of these targets relies on
goni onetri c measurenents of the target refl ected radi ance and
incident irradiance as a function of the in-flight solar incident
and scattered polar and azi nuthal angles. For the ECS
i nstruments, these neasurenents will be nade by a nunber of
| aboratories.

A BRDF round-robi n measurenent conpari son was conducted usi ng
an al um num di sk coated with pol yurethane enanel as a white
diffuse target [14]. A conparison of BRDF nmeasurenents on this
sanple by 16 participating |aboratories at one visible |aser

wavel engt h produced a neasurenent uncertainty range of up to 17%
at an incident angle of 10° and at scatter angles from 15° to 70°.
These results enphasi ze the need for a BRDF/ BRF conpari son between

nmetrology facilities with ties to the ECS program This docunent
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presents a framework for a BRDF measurenent conpari son between

| aboratories with either direct or indirect links to the ECS
program The neasurenment conparison hopefully will establish the
initial range of BRDF neasurenent uncertainty in advance of the

| aunch of the ECS platform

1. Participating Laboratories:
The followi ng | aboratories have been identified as candi dates
for the BRDF measurenent conparison program
-National Institute for Standards and Technol ogy
Radi onetric Physics Division
- NASA/ Goddard Space Flight Center
Sensor Devel opnent and Characterizati on Branch
-Santa Barbara Research Center
- NASA/ Jet Propul sion Laboratory
-University of Arizona

Opti cal Sciences Center

[11. Approach
A. Diffuse Targets:
Four candidate targets have been identified for the BRDF/ BRF
conpari son program These targets include the follow ng:
-1.5 inch dianeter pressed hal on sanpl e obtai ned from N ST,
-1.5 inch dianeter pressed and scintered hal on sanple
obt ai ned from NI ST,
-2.0 inch dianeter Spectral on sanpl e obtained from

Labspher e,
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-1.5 inch dianeter roughened al um num overcoated with
al um num sanpl e.

In order to avoid losing the sanples, the sanples may be
transported by a representative of NASA/GSFC to and fromthe
participating | aboratories. The sanples will be transported in a
conpartnental i zed Zero box. Sanple handling instructions will be
provided. In addition fiducial marks on each sanple will enable
each | aboratory to identically position the targets in azimnuth
bef ore neasurenents are nade.

B. Measurenent Wavel engt hs and Angl es:

Anyone who has nade BRDF/ BRF neasurenents will attest to the
fact that the nunmber of wavel ength and angul ar pernutati ons can
qui ckly ball oon to an unnmanageabl e nunber in BRDF/ BRF studies. An
effort has been nade in restricting the nunber of measurenents to
t he m ni nrum needed to characterize the BRDF/ BRF nesurenent offsets
of the laboratories. A review of the wavel engths used by the
MDIS, MSR, and SeaWFS instrunents produced the follow ng
proposed wavel engt hs at whi ch BRDF/ BRF neasurenents shoul d be

made:

443nm, 550nm 670nm 865nm 940nm 1240nm 1640nm and 2130nm

A bandwi dt h of 10nmis recommended for these wavelengths. It is
realized that sone | aboratories may not be interested in making or
be abl e to nake BRDF/ BRF neasurenents for all wavel engths and at
t he suggested bandwi dth of 10nm Those | aboratories are requested
t o make BRDF/ BRF neasurenents at those wavel engths possible. [t
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is also anticipated that BRDF/ BRF nmeasurenents using a 10nm
bandwi dth will not differ greatly from neasurements using slightly
wi der bandwi dths. It is inportant, however, that the BRDF/ BRF
data reported by the | aboratories should be for the case of
unpol ari zed scattering.

A review of the incident and view ng angles of the M S,
M SR, and SeaWFS instrunments produces the follow ng proposed

angl es at whi ch BRDF/ BRF neasurenents shoul d be made:

I nci dent pol ar (el evation) angles: 0° 15° 30° 45° and 60°

Vi ewi ng pol ar (elevation) angles: -60° to 60° in 10° steps.

The above angles are referenced to the diffuser normal as shown in
Figure 1A. Because all |aboratories do not have an out-of-pl ane
measur enent capability, azimuthal or out-of-plane BRDF/ BRF scans
will not be requested in this conparison. Al requested
nmeasurenents will be in-plane.

C. Absol ute versus Rel ative Measurenents:

Many of the participating |aboratories in this conparison
make BRDF or BRF neasurenents relative to a standard or reference
sanple. For those | aboratories which use a standard, reference
sanpl e i n nmaki ng BRDF/ BRF neasurenents, it is requested that they
provide a wite-up outlining their measurenent approach detailing

their use of any standard sanpl es.
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